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Abstract Climatic factors have large effects on the activity of ectotherms. I investigated the effects of air temperature 
on the territorial behavior of a lycaenid butterfly Chrysozephyrus smaragdinus. Males initiated their territorial activity 
later on hotter days. Apparently similar shifts are known in some butterfly species, and regarded as heat avoidance. In 
the case of C. smaragdinus, this shift cannot be regarded as heat avoidance because, on hotter days, they ceased territorial 
activity in the relatively cooler hours between 10:00 and 12:00 and hold territories between 12:00 and 17:00 during which 
the air temperature reaches its daily maximum. This is a unique relationship between air temperature and the reproductive 
activity time of butterflies. Possibly C. smaragdinus mud-puddle in the mornings of hot days, which might delay the start 


of their territorial activity on such days. 
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Introduction 


Reproductive activity of butterflies is often restricted to 
certain times of the day. For example, males of the hairstreak 
Favonius taxila defend mating territories in the morning 
(Takeuchi and Imafuku, 2005a), whereas males of the 
evening brown butterfly Melanitis leda do so in the evening 
(Kemp, 2003). Ultimately, male activity time should depend 
on the availability of receptive females. However, at least 
two sets of factors are thought to directly affect male 
activity time. The reproductive activity of other (related) 
species may restrict those of the species through reproductive 
interference (Kuno, 1992), although in butterflies, the 
existence of this factor is rarely demonstrated (Friberg et 
al., 2013). In contrast, effects of climatic factors on daily 
activity are often found because butterflies are ectotherms 
(e.g. Wickman, 1988; Fischer and Fiedler, 2001; Ide, 
2002). The periods of mate-locating activity also vary 
within species. In such cases, climatic factors are most 
likely causes. Males of L. diana initiate their territorial 
activity at ca. 13:00 in spring and autumn but at ca. 15:00 
in summer (Takeuchi, 2010), perhaps because males of 
summer generations avoid the hottest times (Ide, 2002). 
Similar shifts of territorial activity periods towards earlier 
morning or later afternoon in hotter season are known in 
other butterflies (Bitzer and Shaw, 1995; Rutowski et al., 
1996). It is reasonable to think that these shifts are the 
result of avoiding overheating. 


Chrysozephyrus smaragdinus is a univoltine butterfly 
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inhabiting temperate deciduous forests in Japan. Males 
of the butterfly hold mating territories and compete over 
them with other males between ca. 10:00 and 17:00. They 
leave territorial sites in the evening and return the next 
morning. Adults appear once a year, June to August. The 
adult season at a given site is rather short, lasting for at 
most a month. Takeuchi and Imafuku (2005b) observed 
daily activity of C. smaragdinus at Nagano and Shiojiri, 
Nagano Pref. Japan, and found that their territorial activity 
tended to start and end earlier at Nagano than at Shiojiri. 
Since air temperatures of the adult season are lower at 
Nagano than at Shiojiri, the difference in air temperatures 
may explain the difference in territorial activity time 
between the two sites. The flaw of Takeuchi and Imafuku 
(2005b) is that they compare the territorial activity pattern 
between two sites. That is, some factors other than climate 
such as geographic features, or the existence of rival or 
predatory species may also differ between the two sites, 
which makes it difficult to clarify the effect of a specific 
factor. In the present study, I performed whole-adult-season 
observations of C. smaragdinus at one site to clarify the 
effect of air temperature on their territorial activity pattern. 


Materials and methods 
Study sites and periods 


The observations of territorial activity were conducted 
between 11 June and 12 July 2008 (before C. smaragdinus 
emerged until most males disappeared) in Matsumoto 
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Fig. 1. The study site. Matsumoto, Nagano, Japan. 


(36°15’N, 138°00’E, 800 m alt), Nagano Prefecture, Japan. 
I assigned a value of | to the first day of observation of 
the butterfly in the adult season (June 17), and rescaled 
all later dates accordingly. The study area is in a south- 
facing valley in temperate deciduous forest (Fig. 1). 
Territorial butterflies were found on the twigs of trees 
along the stream (Fig. 2). 


Observation 


I observed butterflies beside a transect approximately 350 
m in length along the stream once per hour between 10:00 
and 17:00 every day, except for rainy periods. In each 
hourly census, I recorded the number of males occupying 
a territory and those engaging in contests. Air temperatures 
were measured once per hour with a mercury thermometer 
hung in the shade at a height of 1.5 m. I captured males 
when they first appeared at the study area, marked them 
individually, and released them upon the spot. This marking 
procedure was performed for another study (Takeuchi and 
Honda, 2009). 


Statistical analyses 


I tested the effects of not only air temperature but also the 
effects of date on their territorial activity because there 
may be seasonal effects other than the effects of air 
temperature. These analyses were performed on a daily 
basis. The census hour when the first territorial male was 
observed on each day was defined as the start time. The 
census hour when the maximum number of males was 
observed was defined as the peak time. The census hour 
when the last territorial male was observed was defined 
as the end time. I used mean air temperature between 
10:00 and 17:00 (territorial activity time, Fig. 3) as an 
index of air temperatures of the day. Other measurement 
of air temperatures, such as daily maximum temperature 
or temperature at 10:00 (the earliest start time), were not 
used because they were highly correlated with the mean 


Fig. 2. A territorial male of Chrysozephyrus smaragdinus. 


air temperature. Kendall rank-order correlation between 
the start, peak, end time and mean air temperature was 
calculated. Kendall rank-order correlation between the 
three times and date was also calculated. For this analysis, 
days when their territorial activity was interrupted, at least 
temporarily by rain were excluded. All statistical analyses 
were performed using R 2.15.0 (R Development Core 
Team, 2012). 


Results 


The average air temperatures and the average number of 
active males are shown in Fig. 3. Males start territorial 
activity in the morning, are most active the around 14:00, 
and disappear in the evening. Seasonal changes in 
temperature and male activity time are shown in Fig. 4. 
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Fig. 3. Daily territorial activity of Chrsozephyrus smaragdinus. 
The average number of male C. smaragdinus observed 
in the study site (filled bars, + S.E.) and average air 
temperature (open circles, + S.D.) are shown. 
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Fig. 4. Territorial activity time of each day. The start and the end 
time of each day are indicated by horizontal lines. The 
peak time is indicated by filled circles. Mean air temperature 
of the day is indicated by open circles. 


Table 1. Kendall rank order correlation between male activity 
times and external factors. * P < 0.05 


Mean air temperature Date 





Start time t= 0.693, P < 0.001* r= 0.286, P = 0.152 
Peak time t = 0.283, P = 0.147 t = 0.263, P = 0.176 
End time t= 0.181, P = 0.357 t = 0.471, P = 0.016* 


The results of statistical analysis are summarized in Table 
1. The start time was positively correlated with average 
temperature, indicating that the butterflies started their 
territorial activity later on hotter days (Fig. 5). The peak 
time was not correlated with average temperature or date. 
The end time was correlated with date, indicating that the 
butterflies delayed termination of their territorial activity 
later in adult season (see Fig. 4). 


Discussion 


Males of C. smaragdinus exhibit territorial activity roughly 
from morning to evening (Fig. 3). This is congruent with 
previous reports (Koda, 1982; Takeuchi and Imafuku, 
2005b). More detailed analyses revealed an interesting 
pattern. As suggested by Takeuchi and Imafuku (2005b), 
males of C. smaragdinus initiated their territorial activity 
later on hotter days (Fig. 5). Apparently similar shifts are 
known in some other butterflies (Bitzer and Shaw, 1995; 
Rutowski et al., 1996; Takeuchi, 2010). In these studies, 
the butterflies shift their territorial activity to cooler time 
zones in hotter seasons, therefore, it is interpreted that the 
butterflies stop their territorial activity at hotter times to 
avoid overheating. However, this interpretation could not 
be applied to the case of C. smaragdinus because males 


Mean air temperature (°C) 


Fig. 5. The relationship between mean air temperature of the day 
and the start time. 


initiate their territorial activity at 10:00 on cooler days but 
at 11:00 or 12:00 on hotter days (Fig. 5). That is, on hotter 
days, they avoid the relatively cooler hours between 10:00 
and 12:00 and hold territories between 12:00 and 17:00 
during which the air temperature reaches its daily maximum 
(Fig. 3). Can other climatic factors explain the observed 
pattern in C. smaragdinus? It is known that intense solar 
irradiance (more than 70000 1x) suppresses male territorial 
activity of C. smaragdinus (Koda, 1982). However, solar 
irradiance could not explain the observed pattern. Generally, 
solar irradiance reaches its daily maximum at noon. If 
males avoid intense solar irradiance, they should avoid 
around noon, not from 10:00 to 12:00. Why do males of 
C. smaragdinus avoid the relatively cooler time zone on 
hotter days? One possibility is as follows. It is reported 
that C. smaragdinus and some other related species come 
down to the ground and extend their proboscis on dry mud 
or stones in the mornings of hot days (Hama, 2002; 
Nishioka, 2005; Takeuchi, 2007). Perhaps this behavior 
corresponds to mud-puddling aimed to intake sodium and/ 
or nitrogen (Arms et al., 1974; Beck et al., 1999; Honda 
et al., 2012). Mud-puddling in the morning may delay the 
territorial activity of C. smaragdinus on hot days, although 
I could not find mud-puddling individuals along my census 
route. 


Contrary to the suggestion of Takeuchi and Imafuku 
(2005b), males did not delay termination of their territorial 
activity on hot days. However, they delayed termination 
of their territorial activity on later days in their adult season. 
Some climatic factors in the evening might get better for 
C. smaragdinus as the season progresses to midsummer. 


The present study provides a unique pattern between 
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territorial activity time and air temperature in butterflies. 
This finding indicates the existence of mechanisms other 
than regulation of body temperature that underlie seasonal 
shifts in territorial activity time of butterflies. I suggest 
that a change in a daily feeding time may cause a change 
in daily reproductive activity time. In the present study, I 
did not refer to effects of the female activity pattern on 
the male territorial activity pattern. This is because females 
of C. smaragdinus were rarely seen in the field, and I had 
almost no data of the female activity. Of course the female 
activity pattern may have an effect on male reproductive 
activity pattern. 
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RAFATFUYVYS (WAB, YY F adh) T 
FESS Ie, Ath & HAE OD eB PTA ill) 


Farookk’ REM OWML, EDEREK CS 
FS. RATI FY YY 3 Chrysozephyrus smaragdinus D 
KEIR V WEB I RUSS R OB WA CCA, RORE 
ld, Sima AS Che O TER we BMGT A AASE L & 
ELE PAPOSTS, “RAW LEAS =e, FUER 
Lethe diana Ẹ Asterocampa leilia 72 LIEDET b RE ENT 
BY, AOO VST eS TOA CARRS 
NTA. LL, XATHI FVV VITH DONIS — 
Yil, TORRARHT Z, Erd, AOH 
ERRED 10 RDD 12RA, — HoR 
Ty AULA ACER NA 122D 17 RCMB 0 THA bh 
APOTE. TORIR — VOTT 
ORY., ARIS, BV A OAP AT CECB CH & tH 
IFLTWACEDMRMBSNTWS. TOAD RMiMl2 Eo T 
FETHONI-—VYREBDY, SHA wR YO BATT DN 
Slee HBT SODS LNW. 
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